SUMMARY Clinical and histological accounts are given of a sister and brother, dying aged 61 and 56 years respectively after illnesses lasting 5-6 years marked by a progressive mental and physical disability. The family history suggested transmission by a dominant gene. The histological findings were of a very severe congophilic angiopathy confined to the brain, spinal cord and leptomeninges and giving rise to multiple haemorrhages and softenings. There were, in addition, abundant amyloid-containing "plaques" of various forms, found principally in the hippocampus and cerebellar cortex. The cases are compared with similar cases in the literature, and reasons given for regarding this condition as a separate entity rather than a variant of Alzheimer's disease.
In 1940' and 19442 Worster-Drought, Greenfield and McMenemey described a family of which 10 members, male and female, over three generations, suffered from a progressive paralysis, associated in most cases with dementia. The onset was usually in the fifth decade, and the mean duration of the illness was about 9 years. Two affected siblings came to necropsy, and showed very similar lesions in the brain, consisting of "hyaline" changes in small blood vessels and peculiar "plaques", up to 100 um in diameter, in the hippocampus and cerebellar cortex. They labelled the condition Familial presenile dementia with spastic paralysis, and regarded it as a new entity, clearly separable from previously described dementing processes. They considered, and rejected, the idea that it was somehow related to Alzheimer's disease. Such a relationship, however, was suspected by later authors, who observed that in cases resembling those described by WorsterDrought et al there was a florid cerebral amyloid angiopathy, not associated with amyloidosis in the rest of the body, recalling, though generally far exceeding, the amyloid angiopathy frequently observed in cases of Alzheimer's disease.
We shall discuss the quesion of-classification later in this paper, having first given a clinical and pathological account of a sister and brother whose illness was clearly the same as that described by Worster-Drought et al. To summarise these two cases, noting their similarities and differences: both patients, in their sixth decades, developed a progressive neurological disorder in which weakness, dysarthria and incoordination were early features. Kypho-scoliosis was observed in both cases, but it is not known when it developed in case 1. Both patients died demented and bedridden, after an illness lasting several years. The striking differences are, first, that whereas in case 2 the course fluctuated, without dramatic exacerbations, in case 1 there was at least one sudden episode, almost certainly due to a cerebellar haemorrhage. This may well be related to the fact that the first patient was hypertensive, whereas the second was not.
Pathology
Case I (FC). No significant changes were observed outside the central nervous system. Externally the brain was unremarkable. On coronal slicing, it showed gross dilatation of both lateral ventricles, attributable to shrinkage of central white matter, which contained scattered ill-defined areas of softening at all levels. The corpus callosum was reduced to a width of 1-2 mm. There was atrophy of both lentiform nuclei and thalami, but the cortical ribbon appeared well preserved. Some of the larger superficial arteries had thickened walls. In the hindbrain, there was a dilated fourth ventricle, and the brainstem and cerebellum were disfigured by a number of brown-coloured softenings, the largest involving the left dentate nucleus and the surrounding white matter. The spinal cord appeared normal.
Histological examination showed several kinds of lesion, as follows: (1) . (e) Dribbling haemorrhage, leaving deposits of haemosiderin and bilirubin, often mixed with sudanophilic fat (fig 8) . In addition, the medial walls of some but not all of the affected vessels stained intensely with Oil Red 0 in frozen sections.
These changes could be seen in superficial and intrinsic vessels in all parts of the brain and of the spinal cord. In general, the larger arteries were unaffected, or showed the usual changes of mild atheroma. The vertebral arteries, sectioned at several levels, were unremarkable, and contained no congophilic material. Arterioles in the choroid plexuses were unaffected.
Plaques of three main types were encountered in the cerebellar cortex and in Ammon's were seen in all parts. Medial splitting was seen in a few places; thrombosis and medial necrosis were rare; and there were no major haemorrhagic lesions or infarcts. In the areas of naked-eye discoloration, there was a sprinkling of siderin-containing phagocytes, but nowhere any large accumulations of siderin and bilirubin such as were seen in case 1. Vessels of the spinal cord were relatively unaffected.
Congophilic "plaques" of various types were present, but their distribution differed from that in case 1. Large plaques (corresponding to type C described above), were abundant in the cerebral white matter, particularly in the corpus callosum and periventricular white matter, and in the granular and molecular layers of the cerebellar cortex ( fig 13) . They were also present in the dentate nuclei, cerebellar white matter, and some areas of the brainstem including the inferior olives. Plaques of type A (above) were also abundant in the cerebellar cortex, some having densely-staining amyloid cores, others not. Whether these were in fact of different structure from the type C plaques was not easy to decide. Their staining was similar; where no core was seen, this might be due to the plane of section, and where a core was present, it could be suspected of representing a degenerate capillary vessel.
Plaques of the type characteristic of Alzheimer's disease were not seen. A few cortical cells showed neurofibrillary tangles. The brainstem and spinal cord showed minimal loss of myelin in the corticospinal tracts. There was a mild cell loss-presumably retrograde-in the right inferior olive, whereas the left olive appeared intact. There was a patchy drop-out of Purkinje cells, of nerve cells in the dentate nuclei, and of myelinated fibres in the superior cerebellar peduncles. These changes suggested ischaemic damage rather than primary neuronal degeneration.
In summary, there was congophilic angiopathy, less severe than in case 1, producing relatively mild ischaemic changes in the nervous tissue; and widespread congophilic The two patients described here suffered from a disease of the vasculature of the central nervous system, commonly called "congophilic (or amyloid) angiopathy". Apart from the various types of "plaque" described above, the lesions in the brain are all attributable to occulusion of, or bleeding or leakage from, diseased blood vessels. There is no clear evidence of any primary degeneration of the nervous parenchyma. Thus there is prima facie justification for separating these cases from cases of Alzheimer's disease, in which cortical neurons are altered or lost in the absence of any apparent deficiency in their blood supply.
Although cases which were almost certainly instances of congophilic angiopathy were described in the early years of this century, it was not until the nineteen thirties and forties that the chemical and histological features of the condition began to be closely studied. Interest in the condition seems to have converged from two directions-from psychiatrists concerned with the causes of dementia on the one hand, and from pathologists concerned with vascular lesions on the other. Most notable in the first group was Paul Divry, who from 1927 onward studied the histochemical changes in the brains of old people, and in particular in cases of senile and presenile dementia. He demonstrated the presence of amyloid in the centres of so-called senile plaques,3 in Alzheimer's sieurofibrillary tangles4 and in the walls of small cortical and meningeal blood vessels.5 A synthesis of this work was published ten years later.6 Scholz in 1938' described findings closely similar to Divry' s. Among 104 consecutive necropsies on patients aged 70 or over, he observed diseased blood vessels. Some subsequent authors (having failed, presumably, to find the word Drusen in their dictionaries) have mistakenly written drusige Entartung, which would mean "glandular degeneration".) The histochemistry of-the vessels in senile and demented brains was further studied by Morel and Wildi.8 Their findings agreed with those of Scholz, but they considered that the term drusige Entartung was untranslatable, and proposed as an altemative "dyshoric angiopathy"-the word "dyshoric" implying a breakdown of the blood-brain barrier. The term "dyshoric angiopathy" was later used by Surbek9 in an account of 79 instances, all from senile brains. Surbek pointed out the preferential involvement of the fourth layer of the striate area in the occipital cortex in this condition, unassociated with focal anoxic or degenerative changes in nerve cells. In every case, senile plaques were present in the cortex, though the distribution of plaques was not directly related to the distribution of the vascular changes. There was no apparent association with disease elsewhere in the body; and no regular relation between the angiopathy and recorded neuropsychiatric disturbances. In two families there were affected siblings. Surbek's paper includes a valuable historical review of the subject. The term drusige Entartung was used again by Schlote,'0 who gave detailed histological and electronmicroscopic descriptions of a case; but today this term, and the term "dyshoric angiopathy" seem to have fallen out of use, in favour of "congophilic angiopathy""l or "cerebral amyloid angiopathy" 12 13 or, as an alternative, "primary cerebrovascular amyloidosis"'.
The main points established in these and other studies are: (1) congophilic angiopathy is common, but not always present, in Alzheimer's disease. (2) it is not uncommon in non-demented old people, and becomes commoner with advancing years.7815 (3) it is almost invariably associated with the presence of senile plaques in the cerebral cortex. (4) it is not related to arterial hypertension,'6 to atherosclerosis, or to generalised amyloidosis, primary or secondary.
(5) it is very rarely diagnosed clinically. (6) the pathogenesis of the vascular lesions, as well as of the senile plaques, remains obscure. '3 17-19 Congophilic angiopathy, as described by the foregoing authors, is a relatively mild condition and rarely leads to major cerebral disasters. rarefactions-appear to be due to cerebral amyloid angiopathy was first described in detail by Worster-Drought, Greenfield and McMenemey in 19401 and 1944.2 These authors described a family in which 10 members were known to have suffered from a progressive paralysis, usually associated with dementia, with onset in middle age. A brother and sister from this family came to necropsy, and were found to have similar lesions in the brain and spinal cord, consisting of "hyaline" and other changes in small blood vessels, and "plaques", up to 100 ,um (exceptionally, up to 150 ,um) in diameter, in Ammon's horns and in the cerebellar cortex. These "plaques" differed in their form and staining reactions from conventional "senile plaques", which were also present, but confined to Ammon's horns.
In addition, there were widespread small softenings and rarefactions and, in one of the cases, old haemorrhages. Although amyloid was not originally looked for, McMenemey later27 28 expressed his conviction that both patients had suffered from congophilic angiopathy. From the detailed descriptions and excellent photographs in these two papers it would be hard to doubt that the lesions, and the underlying disease, are identical in their cases and in ours.
Subsequent reports of cases more or less resembling these are those of van shows the main clinical and pathological features of these 12 cases, including our own. Among these 12 there are conspicuous differences from case to case, and it is by no means certain that they form a homogeneous group. In the first place, in nine cases there is good evidence for autosomal dominant transmission, but in cases 7, 8, and 9 there is not. Progressive dementia was a major feature in 10 cases, but did not occur in cases 8 and 9. All of them showed severe congophilic angiopathy, unassociated with amyloidosis elsewhere in the body; but the severity of this and its distribution (for instance to the vessels of the brainstem and spinal cord) varied greatly. Atypical plaques were seen in every case, but their distribution showed marked differences.
They were present in the cerebellum in cases 1, 2, 3, 9, 11 and 12 but not in the others. Neurofibrillary tangles, with a form, frequency and distribution suggestive of Alzheimer's disease, were present in cases 3, 4, 6 and 10; confined to Ammon's horn in cases 1, 2, 9 and 1 1; and absent in case 8. The two pathological features that appear to bind these 12 cases together, and to separate them from other diseases of the CNS, are (1) a severe congophilic angiopathy, confined to the CNS and (2) the presence of large atypical amyloid-containing "plaques" differing from the more familiar "senile plaques" in their form, staining properties and distribution. The origin and significance of these "plaques", and their relation to senile plaques, remains unknown. Similar structures have been observed, unassociated with congophilic angiopathy, in a rare familial disease described by Seitelberger38 and by Boellaard and Schlote.39 The main clinical features of this condition are a severe progressive cerebellar ataxia followed by other neurological disturbances, including organic dementia. Boellaard and Schlote39 describe various kinds of amyloid-containing "plaques" in their two unrelated cases. Of these, the kind which they call "primitive plaques" closely resemble the atypical plaques in the present series.
It has been suggested34 40 that congophilic angiopathy of the brain may be in some way related to rheumatoid disease. In the two cases reported here, there was no evidence of such disease except that in both patients there was a noteworthy kyphoscoliosis. In case 2 the ESR was reported as normal.
A logical classification of the various conditions in which amyloid is deposited in or around the brain is not possible. Clinical considerations are of little help. The dementia, which is a prominent feature of most, but not all, of these conditions, may be attributed to a primary neuronal degeneration or to vascular accidents, or to a combination of these. Other neurological signs, such as weakness, stiffness and ataxia, are often explicable simply by reference to the sites of vascular lesions rather than to the nature of the pathological process. In the taxonomy of animal and vegetable species there are no clear-cut rules defining the difference between a "species" and a "variety". The distinction is made largely on the basis of common sense and convenience. The same applies to the classification of diseases. We think, as against a number of distinguished and learned predecessors, that common sense and convenience demand a firm separation of our cases of cerebral amyloid angiopathy from the category of Alzheimer's disease. We are supported in this by a recent article41 describing a severe cerebral amyloid angiopathy with perivascular spread and atypical plaque formation, affecting especially the cerebellar cortex, in a 14-year-old boy with a 4-year history of progressive dementia. Nobody, presumably, would suggest that this child was suffering from premature Alzheimer's disease; yet there is more in common between this case and the cases we have been discussing than there is between our cases and classical Alzheimer's disease. Until more is known of the aetiology of both conditions it will be prudent to give them different labels. The term "cerebral amyloid (or congophilic) angiopathy" is already in use, and should be preserved, the only objection being that the disease (unlike classical Alzheimer's disease) affects more than the cerebral hemispheres.
In present usage, "cerebral" has come to mean "of the brain as a whole". It remains to be seen whether
